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Small interfering RNA targeting HMGN5 induces
apoptosis via modulation of a mitochondrial pathway and
Bcl-2 family proteins in prostate cancer cells

Xiao-Yu Zhang, Zhong-Qiang Guo, Shi-Qi Ji, Min Zhang, Ning Jiang, Xue-Song Li and Li-Qun Zhou

We investigated the importance of HMGND5, a nuclear protein that binds to nucleosomes, unfolds chromatin, and affects transcription,
in the LNCaP prostate cancer cell line. We also examined the molecular mechanisms that promote apoptosis of LNCaP cells after
infection with small interfering RNA (siRNA) targeting HMGN5 (siRNA-HMGNS5). The androgen-dependent LNCaP human prostate
cancer cells were infected with siRNA-HMGN5. Apoptosis was detected using the Annexin V-PE/7-AAD double staining and the
terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) assays. Mitochondrial membrane potential
was measured by JC-1 staining. HMGN5 and GAPDH mRNA expression were determined using real-time PCR. Bcl-2 and other
apoptosis-related protein levels were determined by Western blot analysis. Caspase activity was measured by cleavage of the caspase
substrate. Infection with siRNA targeting HMGNS5 efficiently and specifically reduced the HMGNS5 expression in LNCaP cells. The
downregulation of HMGNS induced remarkable apoptosis of LNCaP cells and resulted in the reduction of mitochondrial membrane
potential. The induction of cell apoptosis was accompanied by the upregulation of Bax, the Bax/Bcl-2 ratio and the activation of
caspase3. The HMGN5-targeted siRNA was effective in downregulating the expression of HMGNS5 in androgen-dependent prostate
cancer cells and inducing cell apoptosis via the regulation of a caspase-related mitochondrial pathway and Bcl-2 family proteins. This

study suggests that HMGN5 may be a potential molecular target with therapeutic relevance for the treatment of prostate cancer.
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INTRODUCTION

Prostate cancer is one of the most frequently diagnosed cancers and a
major cause of cancer related deaths in males worldwide.! Most
patients are now diagnosed with low-risk, clinically localized cancer
that can be treated effectively with surgery and radiation.”
Nevertheless, a number of patients’ conditions could progress despite
surgery, radiation and androgen deprivation therapy. Furthermore,
advanced prostate cancer still remains a significant treatment
challenge.’

It is gratifying to observe that research dedicated to understanding
the biology of prostate cancer has increased exponentially. Apoptosis
is now recognized as a critical process for the normal development of
multicellular organisms and plays a major role in homeostasis. The
disruption of this homeostasis can lead to the development of cancer.*
The pathways of cellular proliferation and apoptosis appear to be
linked to minimize the occurrence of neoplasia. Deregulation of apop-
totic signaling pathways may suggest a mechanism to promote tumor-
igenesis by preventing the elimination of abnormal cells through
checkpoint control.’

HMGNS5, previously known as NBP-45, GARP45 and NSBP1, is a
new member of the HMGN protein family. The gene coding for
HMGNS5 is located at the Xq13.3 region of the human genome (XD

in the mouse genome). HMGNS5 is localized to the nucleus and con-
tains a functional nucleosome-binding domain and negatively
charged C-terminus.*” The C-terminus of HMGNS5 is unusually long
and affects the cellular localization and architectural properties of the
protein. HMGNS5 proteins move notably rapidly throughout the nuc-
leus and transcription changes induced by HMGNS5 are linked to its
ability to interact with nucleosomes.”

Aberrant expression of HMGN proteins is associated with devel-
opmental defects, hypersensitivity to stress and increased tumorigenic
potential.” Upregulation of HMGNS5 proteins was observed in human
prostate cancer,'® glioma cells, 1 squamous-cell carcinoma,? as well as
adenocarcinoma in aging mice,"” suggesting a role of HMGN5 in
tumorigenesis. We have shown that the expression of HMGNS5 was
significantly upregulated in prostatic carcinoma, suggesting the pos-
sible role of HMGNS5 in the development and metastasis of prostate
cancer."® Furthermore, it has been demonstrated that downregulation
of HMGN5 decreases the proliferation of prostate cancer cells both in
vitro and in vivo.'>'>'¢

Due to the diversity of advanced prostate cancers and its capacity
to adapt to changing conditions, combining targeted agents in an
effort to inhibit multiple pathways would be the best approach.'”
Downregulation of anti-apoptotic proteins by RNA interference is a
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promising tool for the prevention of tumor growth.'® We constructed
a lentiviral vector system containing small interfering RNA (siRNA)
sequences that target the human HMGNS5 transcript. Infection of
DU145, an androgen-independent metastatic prostate cancer cell line,
showed that HMGNS5 played a role in the cell cycle, cell proliferation
and apoptosis in androgen-independent prostate cancer cells."”
However, the gene-silencing effects of HMGN5 RNA interference
(RNAi) on androgen-dependent cells and the possible mechanisms
of inducing apoptosis are not well known yet.

Therefore, this study was designed to investigate the anti-cancer
potential of siRNA targeting HMGN5 in androgen-dependent
LNCaP cells and the possible molecular mechanisms of HMGNS5.

MATERIALS AND METHODS

Cell culture

All cell culture was performed according to the previously described
protocols.ls‘19 The RWPE-1, DU145, PC-3 and LNCaP cell lines were
purchased from the American Type Culture Collection (Manassas,
VA, USA). The RWPE-1 cells were grown in Keratinocyte serum-free
medium supplemented with 0.05 mg ml™* bovine pituitary extract
and 5 ng ml™" epidermal growth factor (Invitrogen, Carlsbad, CA,
USA) in 5% CO, atmosphere at 37 °C. The LNCaP, DU145 and PC3
cells were cultured in RPMI 1640, and supplemented with 1%
penicillin/streptomycin and 10% fetal bovine serum (Invitrogen).

siRNA lentiviral vector infection

HMGNS5 siRNA sequences and constructions of lentivirus were iden-
tical to those used in previous studies.'> The most effective double-
stranded HMGNb5-targeted siRNAs, PscSI616 (5'-CACAGCCTT-
TCTTTAGCAT-3'), were synthesized by GeneChem Corporation
(Shanghai, China). A double-stranded siRNA with no sequence
homology to any known human genes, Psc-NC (5'-TTCTCCG-
AACGTGTCACGT-3'), was also generated as a negative control.
For gene silencing, purified lentivirus (PscSI616) was added to cells
at a multiplicity of infection of 50 for 8 h and was washed twice with
medium. Infection with a multiplicity of infection of 50 resulted in
>90% infection of LNCaP cells after 72 h, as monitored by GFP
expression. Therefore, we used a multiplicity of infection of 50 for
the lentivirus in all of the experiments, as it yielded optimal knock-
down of the gene in the required time. Control cells were infected with
a negative control siRNA (Psc-NC), as a vector control according to
the same protocol. A third set of infections was performed with no
siRNA (mock).

Real-time PCR

RNA from cultured cells was isolated using a TRIzol reagent
(Invitrogen) by following the manufacturer’s protocol. The integrity
of the RNA was checked using the Nano Drop (Agilent Technologies,
Santa Clara, CA, USA). First-strand cDNA was generated using 2 pg of
total RNA via MMLV-reverse transcriptase. Real-time PCR was per-
formed using an Applied Biosystems 7300 Fast Real-time PCR System
(SYBR Green PCR Master Mix; Applied Biosystems, Foster City, CA,
USA). The primer sequences for real-time PCR of HMGN5 were as
follows: 5'-GCAGTCAGGCAGTGACTGCCTTCG-3' (forward) and
5'-CCCTTTTCTGTGGCATCTTC-3" (reverse). The primers for
human GAPDH were as follows: 5-CAGTCAGCCGCATCTT-
CTTTT-3" (forward) and 5'-GTGACCAGGCGCCCAATAC-3’
(reverse). All reactions were performed in triplicate, and a negative
control lacking cDNA was included. Human GAPDH was used to
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normalize the data for quantification of HMGN5 mRNA using the
delta-delta Ct method.

Cell viability assay

Cell viability was determined using the WST-8 assay (Keygen,
Shanghai, China). The WST-8 assay was used according to the man-
ufacturer’s instructions. LNCaP cells were seeded into a 96-well plate
ata concentration of 1X10° cells ml™" and cultured for 24 h. After 24 h
of infection, 10 pl of WST-8 solution was added to each well, and the
plates were incubated for 4 h at 37 °C. The absorbance value was
measured at 450 nm using a 96-well spectrophotometer (BioRad,
Inc., Hercules, CA, USA).

Quantitation of apoptosis

Flow cytometry. Cells were cultured in six-well plates at a concen-
tration of 210> cells per well and infected with lentivirus after
culturing for 24 h. After 72 h of infection, cells were stained by
Annexin V-PE and 7-AAD in binding buffer using the Annexin
V-PE/7-AAD Kit (Keygen), as previously described.”® After incuba-
tion at room temperature for 15 min, cells were analyzed using a
BD FACStar flow cytometer (Becton Dickinson, San Jose, CA,
USA).

Mitochondrial damage measurement. JC-1 dye was used to evaluate
mitochondrial damage. LNCaP cells infected with HMGN5-tar-
geted siRNA were incubated with 5 ¢ ml™' JC-1 (Cayman, Ann
Arbor, MI, USA) at 37 °C for a further 30 min. After washing the
cells twice with phosphate-buffered saline (PBS), the cells were
imaged using laser confocal fluorescence microscopy. The incor-
porated JC-1 was excited at 488 nm and detected at both 590 nm
(orange) and 527 nm (green) fluorescence using a confocal laser-
scanning microscope (Fluoview FV500; Olympus, Tokyo, Japan).
In fluorescence microscopy images, orange dot-like images reflect-
ing JC-1 aggregation within the mitochondria were observed in
cells with high mitochondrial membrane potential. In the cells
with low mitochondrial membrane potential, the orange color
changed into diffuse green fluorescence, reflecting the monomeric
state of JC-1.2!

Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end
labeling (TUNEL) assay. The TUNEL technique was performed
using the In Situ Cell Death Detection Kit Fluorescein (Roche
Diagnostic, Mannheim, Germany) according to the manufac-
turer’s instructions. Cells were seeded on cover slips in six-well
plates (5X10* per cell). Twenty-four h later, LNCaP cells were
infected with lentiviral vectors expressing HMGN5-targeted
siRNA. In brief, after an indicated duration of infection, cells
were fixed using 10% buffered formalin, washed with PBS, per-
meabilized in 0.2% Triton X-100, washed again in PBS, and equi-
librated with the equilibration buffer. The labeling reactions were
carried out by addition of the rTdT enzyme for 1 h. The signals
were subsequently detected by incubation of the cells with strep-
tavidin HRP and DAB components until a light brown back-
ground was visualized. The apoptotic index was determined at
X200 magnification as the proportion of TUNEL-positive cells
relative to the total number of cells per section.

Caspase activity
To quantify caspase3 activity, 20 000 cells ml ™" were plated onto a 96-
well plate, and after 24-h adherence and medium replacement, LNCaP



cells were infected with lentivirus for 72 h. Caspase3 activity was
assessed using the caspase3/caspase7 Luminescent Assay Kit
(Promega, Madison, WI, USA). Photon flux values were measured
using a luminescent meter.

Western blot analysis

Whole cell lysates from cultured cells were prepared by homogen-
ization in a lysis buffer containing phosphatase and protease inhi-
bitors. Western blot assays were performed according to the
previously described protocols.'> A specific antibody against
HMGN5 (NSBP1) was obtained from the Prostate Disease
Prevention and Cure Center of Jilin University (Jilin, China).
Anti-Bcl-2, Bcl-xl, Bax, Bid, PARP, AIF, ENDO G and caspase3
antibodies (Cell Signal Tech, Beverly, MA, USA) and an anti-f3-
actin polyclonal antibody (sc-1616-R; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) were used as primary antibodies. After
incubation with an HRP-conjugated secondary antibody, immu-
noreactive proteins were visualized using the ECL detection system.
Semi-quantitative analysis of the results was enumerated by densi-
tometry of the bands (Quantity One; BioRad, Inc.).

Statistical analysis

Data are expressed as mean=s.e.m. All data groups were analyzed by
one-way ANOVA using the software SPSS v13.0 (SPSS Inc., Chicago,
IL, USA). A P value <0.05 was used to determine the statistical sig-
nificance when interpreting the results.
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RESULTS

High expression of HMGN?5 in prostate cancer cell lines

The expression of HMGNS5 in prostate cell lines was determined
using real-time PCR and western blot analysis. As shown in
Figure 1a and b, HMGNS5 is highly expressed in LNCaP, PC-3
and DU145 cell lines compared to normal prostate derived epithe-
lial cell line (RWPE-1) (P<<0.05). Among these cell lines, we chose
LNCaP (androgen-dependent) as our study object.

HMGNS5-targeted siRNA reduced HMGNS5 expression in LNCaP
cells

The gene-silencing effect mediated by siRNA specifically targeting
HMGNS5 in LNCaP cells was confirmed by real-time PCR and
Western blot analysis. Approximately 72 h after infection,
HMGNS5 transcript (Figure 1c) and HMGNS5 protein levels
(Figure 1d) were reduced remarkably in infected cells. This
HMGNS5 gene silencing was reproducible and specific, because
HMGN?5-targeted siRNA failed to knockdown the expression of
an unrelated protein, B-actin. A semiquantitative analysis of the
Western blot assay results showed that HMGN5-targeted siRNA
(siRNA-HMGNS5) decreased the expression levels of HMGNS5 in
LNCaP cells by approximately six fold (Figure 1d).

HMGNS5-targeted siRNA decreased cell proliferation
Following knockdown of the HMGN35 gene with siRNA, we measured
the viability of infected LNCaP cells. Compared to control cultures,
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Figure 1 The expression profile of HMGN5 in different prostate cell lines and siRNA-HMGN5 expression in LNCaP cells. (a) The expression level of HMGN5 in RWPE-
1 cells was treated as the baseline, and GAPDH was used as the internal control (* P<0.05 compared to RWPE-1 cell line). (b) Western blots for HMGN5 in RWPE-1,
PC-3, LNCaP and DU145 cell lines. B-actin was used as an internal control, semiquantitative analysis of the results was enumerated by densitometry of the bands. (c)
The expression level of HMGN5 mRNA in LNCaP cells. GAPDH was used as an internal control to normalize the data for quantification of HMGN5 mRNA (*P<0.05
compared to the mock or the control group). (d) Western blot of HMGN5 in LNCaP cells. B-actin was used as an internal control. Corresponding densitometry of each
band is presented in a bar graph. Each assay was performed in duplicate (* P<0.05 compared to the mock or the control group). mMRNA, messenger RNA.
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Figure 2 The siRNA-HMGN5 treatment decreased cell proliferation and
increased apoptosis. LNCaP cells were infected with siRNA, and the cell viability
was assessed using the CCK-8 assay at five time points. Each sample was tested
in triplicate (* P<0.05 compared to the mock or the control group). siRNA, small
interfering RNA.

cultures infected with siRNA- HMGNS5 showed significantly decreased
cell viability. The cell viability was shown in Figure 2 (72 h, 70.7% of
the control group, P<<0.05; 96 h, 68.2% of the control group, P<0.05).
These studies showed that knockdown of HMGNS5 resulted in
decreased proliferation and survival of LNCaP cells.

HMGNS5-targeted siRNA induced cell apoptosis
The siRNA-HMGN5-infected and mock-infected LNCaP cells were
stained with Annexin V-PE and 7-AAD to distinguish between apop-
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Figure 3 siRNA-HMGNS5 induced apoptosis in LNCaP cells. (a) Cells were tryp-
sinized and stained with Annexin V-PE/7-AAD followed by analysis using flow
cytometry. Early apoptotic cells (Annexin V-PE positive and 7-AAD negative) are
in the right lower quadrant. The percentage of Annexin V-PE/7-AAD stained cells
was determined by flow cytometry. (b) Early apoptosis is expressed as a percent-
age of the total number of cells counted. The results are expressed as mean+
s.e.m. from three separate experiments (* P<0.05 compared to the mock or the
control group). siRNA, small interfering RNA.
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Figure 4 Fluorescence microscopy of JC-1-stained LNCaP cells. Change in
mitochondrial membrane potential was determined by flow cytometry analysis
using the JC-1 dye (scale bars=10 um). The lentiviral vector stably expressed the
siRNA and a marker (a GFP-RFP fusion protein) that resulted in the green
channel, the control group and the siRNA group being much brighter than the
mock group. Only the orange channel was considered. siRNA, small interfering
RNA.

totic cells and cells undergoing necrotic death. Stained cells were ana-
lyzed by flow cytometry (Figure 3a). The data showed that siRNA-
HMGNS5 infection of LNCaP cells resulted in increased apoptosis
(1.4% for the mock and 1.3% for the control group vs. 28.1% for
the siRNA-HMGN5 group) (Figure 3b). Significantly lower levels of
apoptosis were observed in control-infected and mock-infected cells
compared with siRNA-HMGN5-infected cells (P<<0.05).

To assess mitochondrial damage, JC-1 staining was performed and
showed that infection with siRNA-HMGN5 decreased mitochondrial
membrane potential. The obvious decrease of orange fluorescence
indicated mitochondrial dysfunction (Figure 4).

Furthermore, compared to the control treatment, siRNA- HMGN5
infection resulted in an increased number of apoptotic LNCaP cells
(TUNEL-positive); the apoptosis index score was significantly higher
in infected LNCaP cells (4.5% for the mock and 4.8% for the control
group vs. 21.25% for the siRNA-HMGN5 group, respectively (P<<0.05,
Figure 5).

HMGNS5-targeted siRNA activated caspase activity

To determine whether caspase3 is activated in siRNA-HMGNS5
infected LNCaP cells, we used a chromogenic caspase3 assay. The
results show that siRNA-HMGN?5 infection of LNCaP cells induced
activation of caspase3 compared to mock-infected or control cells
(P<0.05, Figure 6).

The effect of HMGN5-targeted siRNA on the expression of
apoptosis-associated proteins in LNCaP cells

In order to verify whether the siRNA-HMGN5-induced apoptotic cell
death observed was a result of expression changes of apoptosis asso-
ciated proteins, a series of Western blot assays were conducted. The
siRNA-HMGNS5 infection increased the levels of Bax, Bid, caspase3,
PARP, AIF and ENDO G, but decreased the levels of Bcl-2 and Bcl-xl,
which mediate the apoptosis of LNCaP cells (Figure 7).
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Figure 5 In TUNEL assay of sSiRNA-HMGN5 infection in LNCaP cells, apoptotic
cells were counted in randomly selected fields. Each bar represents the apoptotic
index of the corresponding group from three independent experiments (* P<0.05
compared to the mock or the control group). siRNA, small interfering RNA.
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Figure 7 The effect of sSiRNA-HMGN5 on the expression of apoptosis associated
proteins in LNCaP cells. LNCaP cells were infected with siRNA-HMGN5, and
representative blots are shown of (a) Bcl-2, Bcl-xl, Bax, Bid and (b) Caspase3,
PARP, ENDO G and AIF. B-actin served as an internal control. The values were
enumerated by densitometry of the bands. siRNA, small interfering RNA.
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Figure 6 siRNA-HMGNS5 activated caspase activity in LNCaP cells. The LNCaP
cell protein extracts were analyzed for caspase3 levels, which were represented
as absorbance values. Each value is mean = SEM of six independent observa-
tions (* P<0.05 compared to the mock or the control group).

DISCUSSION

In this study, we described the use of a lentiviral siRNA vector target-
ing HMGN?5 expression in the LNCaP cell line, an in vitro prostate
cancer model system. Results from our study showed that HMGNS5 is
highly expressed in prostate cancer cells compared to normal prostate-
derived epithelial cells (RWPE-1). This finding is in agreement with
reports of HMGNS5 expression in other cancers. Several therapeutic
strategies have been used to downregulate gene expression in cancer
cells. Among these approaches, the RNAi-based techniques for silen-
cing specific genes are used more widely.** The combination of RNAi
and lentiviral transgenesis has been demonstrated to result in efficient
and stable knockdown of target genes both in vitro and in vivo.*®

Disruption of HMGNS5 results in potent anti-tumor effects in an in
vivo mouse model using DU145 cells (androgen-independent prostate
cancer cells),'> suggesting that targeting of HMGNS5 inhibits DU145
cell proliferation in vivo. Because the expression of HMGNS5 in LNCaP
cells (androgen-dependent prostate cancer cells) was much higher than
in DU145 cells, we hypothesized that downregulating the expression of
HMGNS5 by an RNAi approach would affect the apoptosis of LNCaP
cells. As expected, results from our studies showed that this approach
decreased the levels of transcribed mRNA and HMGNS5 protein levels
in infected LNCaP cells, thereby leading to increased cellular apoptosis,
as indicated by Annexin V staining and TUNEL assays.

New insights into the mechanisms of action and cellular functions of
HMG proteins are emerging from imaging studies of their interactions
with chromatin in living cells and from analyses of organisms in which
their expression levels have been altered. HMGNS5 is widely expressed
in mouse tissues, affects the binding of linker histones to chromatin
and destabilizes the compact structure of the chromatin fiber. Most
likely, these changes in chromatin architecture lead to alterations in the
cellular transcription profile.® In this study, we focus on the roles of
HMGNS5 in modulating cellular proliferation and apoptosis.

Apoptosis is a controlled physiological process that is inhibited in
cancer cells. Many molecules have been reported that are linked with
the regulation of apoptosis, of which bcl-2 and bax genes are thought to
play major roles in determining cell survival or death after apoptotic
stimuli.** Several high-throughput studies have confirmed that Bcl-2 is
overexpressed in clinically localized prostate cancer compared with
benign prostatic tissue.”> Apoptosis is regulated through a diverse range
of cellular signals. Overall, these signals can be divided into two path-
ways, namely, the extrinsic and the intrinsic apoptotic pathways. The
extrinsic apoptotic pathway is mediated by death receptors. The activa-
tion of death receptors can set in motion the caspase cascade, such as
caspase8, and finally lead to the activation of caspase3. The intrinsic
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apoptotic pathway is initiated by the loss of mitochondrial membrane
potential and the subsequent release of cytochrome ¢ from the mito-
chondria into the cytosol. This release of cytochrome ¢ results in the
activation of caspase9, which leads to the activation of caspase3.%

Caspase3 activation is a critical event in cancer cell death. In our
studies, we found that the knockdown of HMGNS5 elevated caspase3
activity in LNCaP cells. Furthermore, siRNA- HMGN5 reduced mito-
chondrial membrane potential and led to the release of AIF and ENDO
G through the mitochondria-mediated intrinsic pathway.

In this study, we demonstrated that siRNA- HMGN5 promoted the
levels of Bax and Bid but suppressed the levels of Bcl-2 and Bcl-xl
(Figure 7a). Our Western blot assays (Figure 7a) also indicated that
siRNA-HMGNG5 increases apoptosis in LNCaP cells through the mito-
chondria-mediated intrinsic pathway release of AIF and ENDO G.
These molecules may have a relationship with the alterations in the
cellular transcription profile caused by the downregulation of
HMGNS5. Further research is required to examine this potential fully.

Our results also show that the apoptosis caused by siRNA- HMGN5
is more severe in androgen-dependent cell lines than in previous stud-
ies. This phenomenon suggests that there may be connections between
HMGNS5 and the androgen receptor. Because HMGNS5 continuously
modulates the local and global architecture of the chromatin fiber and
affects the binding of regulatory factors to their nucleosomal targets,
based on previous studies, we believe that HMGN5 may either increase
the transcriptional activity of the receptor-hormone complex or just
affect the basal promoter activity of the androgen receptor gene.”” The
relationship of the androgen receptor with HMGNS5 should be inves-
tigated in our future studies.

Although the function of HMGNS5 in prostate cancer cells is not well
known, it has been previously established that HMGNS5 plays an
important role in maintaining the integrity of the chromatin fiber in
cells, and its aberrant expression is deleterious for cell fate. HMGN5
also has a potential association with cancer progression. Currently,
there are no drugs available that suppress HMGNS. If direct antago-
nists prove elusive, an alternative therapeutic strategy might be
developed to target the HMGNS5 suppressor and/or its unique co-
regulators. Therefore, targeting HMGN5 could be a beneficial thera-
peutic approach for prostate cancer treatment.

In summary, according to the current results, we concluded that
HMGNS5 functions as an oncogene by suppressing apoptosis of pro-
state cancer cells. HMGN5 knockdown in LNCaP cells resulted in
decreased cell viability and remarkably increased cell apoptosis. Cells
that were manipulated in this way underwent cell death via apoptosis.
Analysis of the apoptotic mediators suggests the involvement of cas-
pase3 activation, the mitochondrial pathway and the Bcl-2 family in
HMGNS5 gene silencing. Therefore, silencing the HMGN5 gene by
siRNA could be a therapeutic approach for prostate cancer treatment.
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